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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside vail of the 
conduit after being passed through the liner. 

• 1 - 



736288 



Since tools of the type mentioned above often are employed in veils 
deep in the ground, it is highly preferable that a tool be used vhich under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring in a veil can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a vork piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, vhich 
expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention vill become apparent by 
reference to the folloving description of the invention. 

In accordance vlth the present invention there is provided a con- 
stant force spring device vhich comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the tvo 
ends of said column at least one of said bearing plate members being longi- 
tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention vill be better understood by reference to the follov- 
ing description and the accompanying dravingB wherein: 

Figures LA, IB and 1C, taken together, constitute a partial sec- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
lice 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
10 surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
20 is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 2U, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
30 inside surfaces of the arms 22 and the outside surface of expanding member 2k 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 24 which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 24 moves in a 
downwordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second- stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the waU of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Ifeon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33. * As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17 . When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner 14 and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force . The force exerted against the arm members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing is precluded. Of course, 
the force provided by the spring member is preselected so that the frictional 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

f 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
18 and held between the expanding element 2h and a cylindrical lower shoulder 
member 38 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member 18 on the outside of which are cut male threads 
18a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4 la and kit on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 3d is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines 1*5 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bow springs 42, 

20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads 18a, e.g. right- 
hand threads, and the pitch, or lead, of threads 18a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock-vise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lower 
bearing plate member 46 contacts the lover ends of the columns and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 3d as a 
result of revolving differential screv element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
vhich the ends of the columns are inserted. These grooves may^be shaped to 
conform vith the s.iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lower limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo.e toward, or away 
from, each other as the load on the spring member varies . Lover sleeve k$a, 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pine or 
rings mounted on the shaft may serve as stops, or the cover 48 provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, vhich as shown here forma a portion of the body of the spring 
device, vith ends of the columns fitted in the races 47. The columns may be 
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fitted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For exemple, the slenderness ratio of the colum may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferrei 
construction is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatu: e of the column ends. Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the ahaft. Thus ; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.l67-mch thick by 0. 438-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A. I.S.I 
steel, quenched ana drawn at 575°F. Each column was found to require a 
20 critical compression loading of 4$0 pounds in order to buckle the column. 

After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve Is described by curve OA 'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
^ number of flexing cycles are not anticipated, a working stress just below the 
30 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construc- 
tion, in the above-mentioned tests, the lateral deflection waa limited to 
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approximately one Inch, at which the longitudinal deflection was approximately 
0.225 inches. From zero deflection to the maximum deflection, the l»50-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection wes limited between 0 and about 1.00 Inches by appropriately posi- 
tioning the stops. Ifeon compressions! loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0* inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, in designing a spiring element as above It is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a Uner 
in well casing, the made-up tool is lowered Into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 42 engages with the 
wall of the casing and prevents thimble 4l from revolving. With several 
revolutions of the tubing, lower shoulder 38 Is soved upwardly by differential 
screw 39 to buckle spring element 37 «hich has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 2k, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
30 The foregoing description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It vill be understood that 
varioue modifications in the details of construction vill become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and 6Cope of my invention. 
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I CLAIM: 

1. A device for expanding a metallic liner inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element , said die member comprising a movable liner- forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner-forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner-forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pivotable outwardly therefrom to 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 
constant force. 

3. The device of Claim 2 wherein said constant force spring memb er 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to limit the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for maintaining a lateral deflection in said columns. 
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k ' ^vlze of Claim 3 therein said compression means comprises 

a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 wherein said stop means comprises a 
sleeve-like element connected to said movable bearing plate member and 
slidably positioned on said shaft and a member connected to said shaft to 
limit the travel of said sleeve -like element. 

6. The device of Claim 3 vhereln said columns have a rectangular 
cross-section, the width being greater than the thickness, and having the 
wider face normal to the diameter of said shaft. 

7. A device for Installing an expanded metallic liner in a conduit 
which comprises a cylindrical shaft element; an expanding die member mounted 
on said shaft, said die member comprising a plurality of arm members disposed 
circumferentiallor around the outside of said shaft and being pivotable out- 
wardly therefrom to contact the liner; a conical expanding member slidably 
positioned on said shaft between said shaft and said arm members to urge said 
arm members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumferentially about 
said shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate members 

and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said arm members to urge said arm members 
outwardly with a substantially constant force. 
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Actio., ttm — otter dtiaeto of tto i 
ittewi to tto W«in* toaarl 

Ik mil «itb tto pwnt toratttD ttor* Is iwW • «0B~ 



win i 



wt+Ai raMft •prto* tortos iwjrtm m tody 

•la_et adjMBDt hU Wi aaator, tori*. **to Mtel easUetUg tto 

^rtOtMJA COte •* UMt OMtfMld VrtXtoft aaO#T* It* 

2D - ni"~"T mw y« «» tof* «rf tto otto» m top j— a» o» **J * 
1 «oi«** iiiMt to 

to tto qfUiitkl Of » aaa»*aiaU» toa* 
i rf *» UMiUoi, tto fk»<aarij« MMto> taxw 
Itortto U «9to>at to • tot* *to w ^ m i lto » totollto Mm r lartto 
a tOMMlty ami! aia*toa* ttoaa ajatoa tort* tolag >atltt«aa« totoft&toal 
to acaa m an—Mu iU M-fto- apdaal tto lltor tola* toatellot t> toa 
eoafedt k7 • cnWi— tiiUy co«*U«t foraa. 

to; totototon «U t« tottor aatoaratoat V latoWto ta tto follov* 
lag toacrlvtdoo Mt tta nw»wyUi axartaaa Wto**u»i 
90 TlMNO 1A, ia«4ic, 

tlCOfll TiMi oi * jaaftiiiA 
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Jl^tf 2lii Motion* ta tho TOVttv of U totoo «* 

a- a; oad 

n*or» > to o tyjdd or ffaell*! toia wow toflorUon for 
tto coa»to"t to* am «parta« drrloo of tto tooonUoa* 

Ssfonias u* ^rolnn, Ksui U U tto fcetfem portion of * 

( tool /V «M U lortslllJ* • wiolUb UMX M • «C11 V «Ut« 

► 1» t-Ltwtr*te> Wot -iMLU oocUom of ffosfc » tool mm* Figaro 10 icpro- 
•amtff tto oppor oootlaa or tto tool. Tto n^U* tool U iff o tto** to 
otoatoaL VOOl ttodo* If Hr »tMn S3 «•■*# *ffffA«^»# ■«/ tofffff^ 
oomoo tkroapt » toll —lap, (aot stoo»0 U> * posat la Vc omUc ■* *Usta It 
im iMinl to tovtoll » ootollto lloor. tofwa I— affiiag tto test l»to tto 
«oU* n ftloaavtoJ oarttemUy in apatoo limt iff ftoricotoi fro* olid «tool. 

Off rttor nlWU« acWUl. 1* olotol m tto tool- oorroojtoA 

liaaj ij ooesroa la jaoltioB to offBiaot *t St* ^ •<* * cjlindrfcol 
otoo3ff-r oootor 16 oto, «* ita kwr e4 to cort-rt <it* * ttwt-oUo* ofui* 
l»f «i« IT !■ tte Ten of • trooortoi drain com ffoiffa wnw mm « /lr«V> 
otoao ■ojooftlog «lo U Ua u mr mmrmixmtXmr ooocrltoff • Tto ■jpoodlog Alo to 

I rjiJodrlcma telle* fftoft 13 
i * taru™ of tto to^or tto tool. to oto«. to. ■ n oo ning ffto 17 



U tell la pi** totooom-a Xomt ■faOOlaar 19 «sA oolloT n i 
toaft. .A pWlito or oovoilo omo 9, pmtforaftl? prwritoA *i» oatoKrdljr 
oaurf* jortlooff * — r tto top; afo uapoota to tto lorn of • ' 
arooto ta*ft IB. Tto oalaraal porttotf or ua mi 83 wo* ***** ■ 
witl? oanlffoa *»* H«r to aoafoca tao fiuai oto> of uaaaaias tti 
Uaor loto > oatotoottoUy ojUosttOfcl <hopo. TW* im oootoro K «n >i«otoll7 
oMffdoof W tto utn oo ■» to to aaoialff OoJboo»My tram tto otoft by * tayorot 
OjOjoaUaf aootor afc Ulaobly oootUoaaa on tto otoft to —rm mm o ooooAAVotoco 
•noador. 9m oorfoo* of too oooovtf fl», *• ffbon, «w« V^rolj «Lm« tto 
A»rt to oaata* vlt& to« ««• cod oof* Xtmm oexxmz&ly. MTMLtaoeouolj, tto 
lajdoo fforfmoot of tto m M -off tto aBUlto «af»M of csffftotoc -totor A 
IM ootlaf miUodo, tgnooolly ootosoool l* itopo. tto ossooolom or tto oats 
k Iff ooaftnUad >y tto footttoo of tto toater » ikleh aom «P«dXj 



> - 
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It coataato .tooi^r C6 proaftam oa V* — * ~~ » 4 

teoMrtly diimtig- arm fi* fold imi4V torn** «p— IW 
m 12 an tela la *lm» » U» >haft «Um »T *» eHrmUr cnxw. aO 
pwlArf en too abaft. 

taa ca»*« tto n*w*-«taaa *** «ad Mo mima* 

n*** At* Sa tomo timm* tat li»*r to txmiW I* ouUk. T 

fUat-otaaa Ala prmlam a «rot» Ufoamtim cK «- Ua*r thai 1% io 

HjMffUl oitonlly *aUMt tka «& Of «te «» moooA-omm Ala 



4ha mil <?r «m cum* am «ITiet a n»U-tl#rt aml- 

to <*«r*tl<», Ua ltter o^itta* tool la aaaaaalaJ •» tm Hf«M r ao 
Aaaorlbea aim, am • flaaa elrt* aatnmt»i alt* • aawtlal aagr m 



late tb» mil as «m laoaUoo at ante* tm lbtr la to to M*. A Haald, neb 
** c4l» U tarn maam safer srawara Aom ma "»U taMaa am fl«« tira* 
tba m*»a-mT aroriom U *oli«b~ r*i 31, throu** mrta 3* am Urto 
iar 33 ooaamtod U ma tajaax am of tm aaaaUcr 3*. lfcoa taa aaaUaatftm 
flnVa artMoa » too oyllater, «- platoa * « pmlato* rm U 

A3 ^ i* a*i*m 5V fe^. «4 56oo^^p^^x^5l*«i^t 
18 - aamtoA m* narat-amfa it* 17, ¥h» tm psatn A 

ayjiadar >3 tta ajamadtrnf Ai. n.«»<«»4- 
law u» wnsW liar ik am 1n» cm" 



, mil tm cmiaf la mia* It U mint ifcUailad. MiioaoA c* tm 
nr tm axjaaftSag aaaW * la a eornmoV Worn aprlag amtor 71 vkiefc 
la mplayaA CO «rm tm aaaamia* aaaaat aamHim CM m?mAla« aaaa « tlta a 
wbatontlmllr aaWUat. fOxoa. fo*« «x"t-a 4#U«t tha awfrir* Wio, 
auMtmtlaU^ aomtaat, tla> foroo y*omttt^ tann^ tfta am aaabara V> Ok 
30 UMF ai to iba OaaUi fill - -abatoA^JaW aaartaat aa WX altbar aUaVtM 
of laa tool ia U» omlag or t«nn af «a» cudii Ja amelaAad. W aoarm, 
taa Cfcroa aroVlML Vr m. -prlB. aaaK 1» >raaalaeto« aa tmt taa hriott«~l 



,av:-V 
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/ortMi bttHHB the tool *** tbo and V* jr*ow»o tMrtd 4o*tMt tbo cm- 

Sac €i« aalotalaod tl proflotarodaod aofe >«*3s. tbo ooaot— t opxina 
,l„ unm that th* oontaat fr*t««r« tot*** V* liaar fan*i* aorUoa S3 

tf^MPlOJl |TMi OttOM* Vl JT^U4 th* tttlCOd dattoaattoa af t*. *M- 



10 



Sib ogootoat faroo oprina m***r 37 lo allaa*!* ■ 
y£ ood hoM WUm iho mxjmmm •l««*t t» aaft • cyUaCricml UMr pbooUa* 
nortm V) fendj* » porUom of * dJifinaatlal Mm rt ■»■ ■ > 39 * 
r to -baft aaabor 10< 
i abaft aaAor IB am taa oatall* a* Mdab am oat a*U 1 

r 38 jtcrldaA *lth Noala fM« 56V an* thiablo 
r U prortdW wiXk twaada tU and bib a» tha oataiaa oat 1b* J 
to wit* thro 

otto «C t hr oo l o oro ocvraa, ««b 
t» vitootaod wj loodo aod differ U pitch oo «*■» aaawddor » M -P»»* 
^rtii-c tii mn iB«taa«M Mi i» Jtioiia nuu« » ttMte *1. 
fho ffcoouvr 30 Is ooaorof to tbo •W*^Voll-» « 3 ■« oo* it eoa tU*o 
lagltattaallj. tat it la aot noa to sotato on ta» abaft. Via*iy »n»w 
«o tbo Ixmwx oaf of tb* Ihlablo U ft ffletiem aca*ar# onoh oo bv» ftKlAt* 44, 
• i^azaaUooUr o»ftuat*d MatSom jM, or otter *mc* aaHoo for frlo" coolly 
— wit* iko looU* aall of th» ooololt to OCOVM 1 
tooatioa with moo* to tbo abaft. rrotMoMy, tbo dlaaatiaa i 
aaobor ttimii janotboo—Mtbotoftbo aba*, ti n i l l A. »!**»- 
aooA ttuuii, aaa %bo pit**, •* load, «*" tbraaaa 18* U »U*«ly an*t** no* 
that or aaaaate 360, *1U tha pltab mUo Wis* alaoo to -Mtj. » tM* 
loo rooolBUoa of tbo ahatt zalattio to tbo Udabl* Minn 
r 3S to odaaaea oyeort -ad • loo* *• «»rtoa 

oMtt 37 to awe XkUIac Hit oim»u, as* ortiorbet^r 
aUTmrtlol «or«o wm»<b utlx* flw «k1 ooo-bolf Ibrbodo/latb ***** 

mt *Xj Ul-tncb oaUlba d i w» b > r nd floo oat u«^- 
, Ibjaado oa • »boaiA«f approxl-oW a.J-taohc* 



3 - 



■kC-'r 
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0«ut«t tax* trrt-# M oa^riw. -lOBon* W. 

to|— 1j •oryilrrL^ AT * oJoTOUtr «K -3 Wt«i OOl— « «1.<»*»o4 

15. t*j«r Mm ran* «oo*x ^ ta u» «ot«ot with «*»r «4iaf ^ 
MllMM tr ^ •noooij youtLODoi w» d*rt ifi to b w tt fcreo of tic 
•yrttt fcs«lteUoftU7 HM»t tbo bottc- •oA oT oxpndoi «wter A 

taorlog flote wter M oootoeta «•» to-«r mi of tho wU« «* l» 
^nily ^«»« 4k* ftOmfl by loootboltatl mmH o* •Oooloor JB #- * 

inHkortM oaorloc ofcrto*. to Am aa w *ooi ood o lat * 
AU»«M«M«(tfWi«oli-««iu»M. Tfc*~ mxww ovr W t2*««d ta 
a*rf*» Mtt tbo obooo ot to. o»bom .Ap \r iMlnd. A ooitr U«rW 

to oxolo* fcr«U» Mtltr **oo W» ****** o»cbool« *** to pnUct 



8) «U*> loogLtDdlMUy 



A ihai cor UoltMc aofOoattoo of u» colooso U r«*tai*d. 
i tbo ooJ*» nwrrt fwoflOM l» • bwJOrt pqoft tta o ft, <* - 

i* HqmtlM loot taorot© noiOA total WW* or nptore of *** 

ntat. Jtartno, • «*ix of rtap« *9 «M k«o no irw*i**i l«* thio p«W*. 
As ioa, U» otapo no rliUly oooootto* ta too Vtotaft «A, to 

r oo* law llolbt*> (Imtm jodUomd op tbo oboft to 
i wjAp or too 9ttqm o*» w+ tawrt, or w» 

00 Ww loot om *b» •vrlo< oooba nortot. low tlotoo *9» 

1 ^tuf in |«o>r obooloor 96 .oooootoA to tta 10. 
* tOO OgOOlOO 1-t-Uf iOO MOO 1* MMk oo to Holt tao 1ab«S tuUnU 

( loot* oooboro •» «ft*7 oooo *>■■**•* *° F»«* frmMMrt 
*^«Uom of tbo ooi« *u«ofc *«oo» olta«»oti*o oo-o» for .mi- 
ll* ftooojo to ton ooJob ojmsO «v oloo ta ooployva. rtr «opl«, *loo or 
rlop K»t)«l oo toft ao«rt nn« o- ooajo, « tbo og*or W prorl**4 »Gtb 
•ottablo ooonortiaoo oov ta *p*ar+ for Otto paroow W l^t loofttaAl«i 
«od/or lotonO. aofloctlom of ooiam. 

no ooUow of too eolDoo clowrt *3 *«jr ta orroofol mm* to. 
«0oft lA> «10Hoo otao boro roroi ft oortiao «r too My of Uo torSo« 

, with «oto of to* mil JltO* to too ioooo fcj. «» o^rbo 
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rittad cIomIj to«»U*r m aaoro, or at if««J 

itton wd toWi U~ to adstola the a«uii«* «r*ri»g. Tbo af 
ooJmmm «n>LAy«d will auai** *5<* colas «b»>wUrtktlci md ttao «I^1»U of 
ooa»%/uvUO&> for aw^i, tf* eJasdtneiJ r*Uo of U* colas arj to aula* 

«-* ta* ooi« «*» -*r *a ™«*. rta*, riiwi «■ htoatd. Kaiwroi 
ooartrattica. la a tala, eeiam aito itww freo to aow attaia 

tw now -»-t«i ta 1ae «MM ar the eolaen Mt*ri«a* «fcL«* to 

•*Uaf»eteriij aaaiojat for the < 



10 m j 



, fcarylttaa topper, tM hi* alofctl allayo aaa otter Walter 
I «aiiefactar#a»eh«loal arojarlia.. T**u*Uj, tat Utfl- 
ndaai eolatno Mrtorkoc »c i »-». l « r c nm mm Um, «ilh the *Uth fel« 
potior Hub thv lfcirrnrtt. en* in«#d »a tfcot V» wlMf Xaoe af V« u>»«* 

latdlag, tto edlooao tadUa, and Wad about too okI* *i»U| the ioor* 
of latxtla, a.*., mUrax&lj aaa? fw U» ahaft IS. 

for onaxOs, a of oolaa»« D.lAT-laea tMc*. >r 0. W-lneo vise 

ar 10-&g-ux*»* loot, «iui tee ndi rwp-t-a, aare f*brio*tw4 frea 1.1.8,1 
Jtjfco M i« oarotod a«* Aiwa «t 7791- 1^ oolaao *» fw* la r**xli* » 
fiD crilaaol eeofreeelea lcdW of *50 poand> 1- c*d*r to hookle Urn slam. 
. After taookXUf* tho oeli-ae an faant to hawe a wry «»% caaractorS— 
Me, ia than la TUara J. *a*ala rV la the orlttart aaeaiaa* laaft ee* **** 
0 rapraaeata too M*6 tat deflectta* at oaten tas aLToee la the e aoi eoa fttoxe 
Of tat ealaan tMtat \a» ytail YOttt. of tho aatartol. tttaatitaUy. 
or tkl* >arU>c o»*ra««rlttle H d»««rl*a «ur» <a»O0, totatuy, 

tMt earn la daaonaU Vj" CUK Auv to frloldoo Id U* ayataa. l»rU«o A aaa • 
taoTM-ot typtoal lAraia* llalia, tUeH, «f ooaraa, ^ to varied occaraiag to 
VU tpallartloe for M*oa tb» aprUi« Lt dttlaBea. For anapla 4 idm t Urat 
aaaotr of flaxlac cjaH* an not eaUelaatod, a wralas turata >wt tolor tht 
JO yield folAO b. »ol, XMit »lta a «rt*4. aooW of flo«sro., 1ha rtakln« 

atnM w to jam tata tat aafloraaee uait of tea aatarta) af aaartrai- 
Mom. la la. ntloiad *a»w, tao lataw> danaotloa aa» llaitai to 



• T - 
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i,KC^it»l7 one >t lAioh 11m> i»«iwu«fci tafia**- 
o.fi^ iM*a». Vkv> «n **fl*«tloo to th» o««ui 
I ^dttg m torn* to to ***UotUllj oO*»t«t. 



taTlne * crltiml lnoklb« J** of 1«S0 jow*- * 

0 nft *to«t * WV*« U1 » 



•tftftoMUllj B,QOQ po«te «• ft» * JO-***!.*! 4^c-»- of ©.<* 



to oVtol* tto *«ttto ^ f tor ^eUUA 

m,— i*noetiao *p* tflttaL taMUc mSftotolag 

tto oolim» Mi a aft lcwL oo)m*< itox*- 

, •» imo la It**** lln&S. — ttl»U flat i 



» ti. opmtdM of tfat «to~ oqMdUi tool ftr ^ • lto« 
D» Mto^ tool l* lflMiti Uto tto M ■»*Uon«d »bcifo, 

83 1ml, *to -*1X tUbta# 1* t«*«l«d. «» rrfoto** N-tor * «tth tto 

■vtolatliM tto ***** Imt ■tool*** 38 u ■a^l V tltttotottal 

Mm^teMUi ifrtM »* *±«* ■»» • ,«*toto-4ao* «i 11*41 

tockUo* Jo**- *U I** *• trtOOOltto* 

UHto of. U> •»!!» ««■ to. %*■» O^MiUy «ito * ■*«tn i uii r 
ooooto»t fm *n»artto*tt to **■ crittoU tookUot lorf of tto tGP-tol 
p^MI^Uy, tfa* tool lv f — i a Uro^ tto llaor to 

I It la tto CMln£ U» nMOtf A*»erib«d ter*lah»*or». 

Joo of * pMf «n4 -tottf* ** *7 iatoAttto 



► tto KMrolof 
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